(54) [Title of the Invention] SEMICONDUCTOR INTEGRATED 
CIRCUIT 

(57) [Abstract] (Amended) 
[Object] 

A high performance semiconductor integrated circuit using 
a neuron MOS transistor which is provided with a gate switch 
added to a floating gate thereof , such that a charge remaining 
in the floating gate or an injected charge is promptly removed 
through the switch to improve the reliability of the neuron 
MOS transistor and simultaneously make a multi-input neuron 
MOS available. 
[ Configuration ] 

A semiconductor integrated circuit comprising a 
semiconductor region of one conductivity type provided on a 
substrate, a source region and a drain region of an opposite 
conductivity type formed in the semiconductor region, a 
floating gate formed in a region which separates the source 
region and the drain region through an insulating film, and 
at least one neuron MOS transistor having a plurality of input 
coupling electrodes capacitively coupled to the floating gate 
through an insulating film, the floating gate is connected to 
at least one switching element in the neuron MOS transistor. 



1 



[Claims] 
[Claim 1] 

A semiconductor integrated circuit comprising a 
semiconductor region of one conductivity type provided on a 
substrate, a source region and a drain region of an opposite 
conductivity type formed in the semiconductor region, a 
floating gate formed in a region which separates the source 
region and the drain region through an insulating film, and 
at least one neuron MOS transistor having a plurality of input 
coupling electrodes capacitively coupled to the floating gate 
through an insulating film, characterized in that the floating 
gate is connected to a predetermined signal line through at 
least one switching element in the neuron MOS transistor, the 
plurality of input coupling electrodes of the neuron MOS 
transistor are applied with a first set of signals, the 
switching element is blocked, after the switching element is 
made conductive, to bring the floating gate of the neuron MOS 
transistor into an electrically floating state, and the 
plurality of input coupling electrodes of the neuron MOS 
transistor are subsequently applied with a second set of signals 
to perform operation. 
[Claim 2] 

A semiconductor integrated circuit according to claim 1, 
characterized in that the neuron MOS transistor constitutes 
an inverter circuit. 
[Claim 3] 

A semiconductor integrated circuit according to claim 1, 
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characterized in that the neuron MOS transistor constitutes 
a source follower circuit. 
[Claim 4] 

A semiconductor integrated circuit according to any of 
claims 1 to 3 , characterized in that the predetermined signal 
line is connected to a node of a divider circuit comprised of 
resistive elements . 
[Claim 5] 

A semiconductor integrated circuit according to any of 
claims 1 to 3, characterized in that the predetermined signal 
line is connected to an output terminal of a logic circuit. 
[Claim 6] 

A semiconductor integrated circuit according to claim 5, 
characterized in that the output of the logic circuit is an 
output of a logic circuit for which a logic value is determined 
by the neuron MOS transistor itself. 
[Claim 7] 

A semiconductor integrated circuit according to claim 6, 
characterized in that the logic circuit for which the logic 
value of the output is determined by the neuron MOS transistor 
itself is an inverter circuit constituted by the neuron MOS 
transistor itself . 
[Claim 8] 

A semiconductor integrated circuit according to claim 6, 
characterized in that the logic circuit for which the logic 
value of the output is determined by the neuron MOS transistor 
itself is a logic circuit which is configured to output an 
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inverted signal of the output of the inverter circuit 
constituted by the neuron MOS transistor itself, 
[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a semiconductor 
integrated circuit, and more particularly, to a semiconductor 
integrated circuit which is comprised of neuron MOS 
transistors. 
[0002] 
[Prior Art] 

In semiconductor integrated circuits, higher integration 
of circuits resulting from the miniaturization of elements is 
under progress. Since the miniaturization of elements 
increases the number of elements loaded on one chip as well 
as the operating speed of the elements, higher functionalities 
are provided to each chip. A microprocessor LSI is a good 
example of the higher integration, characterized in that each 
element has a size of approximately 0.5 microns, and the number 
of elements loaded on one chip amounts to several millions. 
Cache memories, a floating point processing unit and so on, 
which have been conventionally separated from a microprocessor 
chip, can be loaded in a single microprocessor chip 
simultaneously, thanks to the reduction in size of the circuit 
components themselves resulting from the miniaturization of 
the elements, thereby significantly contributing to improved 
performance of computers. 
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[0003] 

However, with the miniaturization and higher integration 
of elements, a variety of problems have arisen. One of the 
problems is hot carriers. Specifically, a constant supply 
voltage to a miniature element causes the generation of a high 
electric field within the element, so that carriers accelerated 
by the high electric field are injected into a gate oxide film 
as hot carriers , resulting in degraded element characteristics . 
A newly encountered problem is how to lay out and form wires 
required to connect elements, which amount to as many as several 
millions, to one another. These problems bring further 
miniaturization of elements in the future to a very difficult 
stage. Therefore, a further improvement in the performance of 
LSI chips could not be expected so much in the future. 
[0004] 

It is inventions of a neuron MOS transistor and a logic 
circuit which uses the neuron MOS transistor (invented by Nao 
Shibata and Tadahiro Ohmi and described in Laid-open Japanese 
Patent Application No. 3-6679 and Japanese Patent Application 
No. 3-83152) that solved the foregoing problems. The neuron 
MOS transistor is a high performance element which has functions 
similar to a nerve cell of a living organism. The neuron MOS 
transistor, which has a floating gate and a plurality of input 
coupling electrodes capacitively coupled to the floating gate, 
calculates a weighted average of input signals at the plurality 
of input coupling electrodes at a floating gate level to control 
ON/OFF of the transistor based on the result of the calculation. 
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While the conventional transistors are referred to as 
three-terminal devices due to the fact that a current flowing 
between two terminals is controlled ON/OFF by a third terminal, 
the neuron MOS trans is tcpr may be referred to as a four-terminal 
device which has a plurality of fourth terminals capable of 
controlling how to control a third terminal for controlling 
ON/OFF a current flowing between two terminals . Because of the 
high performance of the element itself, a logic circuit 
comprised of the neuron MOS transistors requires a 
significantly reduced number of elements and wires needed to 
implement a certain logic function, as compared with a 
conventional CMOS logic circuit. In addition, the neuron MOS 
transistor can readily implement flexible signal processing 
which cannot be readily carried out by a circuit using 
conventional transistors that are only capable of determining 
whether or not a single input is "0" or "1" to control ON/OFF, 
so that high performance circuits such as a flexible logic 
circuit, a real-time rule variable matching circuit, a 
winner-take-all circuit, an associative memory, and so on can 
be readily designed using the neuron MOS transistors. It is 
also possible to readily implement a function of extracting 
features from an immense amount of data. With the use of this 
function, simplification and higher speed of circuits can be 
expected as well in the field of image information processing 
such as character recognition, detection of a motion vector 
in an image, and so on. In this way, the neuron MOS transistor 
can be said to be a new device which implies the possibility 



6 



of creating completely new circuit technologies toward the 
realization of very high speed and very high performance LSIs. 
[0005] 

However, since the neuron MOS transistor has a floating 
gate, it implies the following problems with respect to the 
reliability. The neuron MOS transistor handles a multi-value 
voltage signal at the floating gate level. More specifically, 
a potential difference between a ground potential (GND) and 
a supply voltage (V ) is divided into a plurality of logic levels 
to perform thresholding operations. Assuming that the supply 
voltage is constant, a voltage difference between a certain 
logic level and an adjacent logic level, i.e. , a logic amplitude 
becomes smaller as a multi-value voltage signal has a larger 
number of levels, thereby resulting in a reduction in noise 
margin. Therefore, in a circuit using neuron MOS transistors, 
an error of a threshold voltage of the transistor must be limited 
to be sufficiently small as compared with a binary logic circuit, 
in order to prevent erroneous operations of the circuit. 
[0006] 

Generally, however, an error of a threshold value of the 
neuron MOS transistor is rather larger than an error of a 
threshold value of a normal MOS transistor due to variations 
in the amount of a charge existing in the floating gate. Table 
1 shows threshold values , viewed from input coupling electrodes , 
of nine neuron MOS transistors loaded on a single wafer 
immediately after the manufacturing. Surprisingly, the 
threshold value varies over a width of nine volts from -7.95 
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V to +1.02 V. Since a normal MOS transistor presents 
approximately 0.2 volts of variations in the threshold value, 
the neuron MOS transistor has variations of approximately 45 
times as much. A charge once injected into the floating gate 
of the neuron MOS transistor will not naturally extinguish due 
to a very high insulating resistance, and remains as it is, 
so that it directly affects the threshold value. The largely 
varying threshold value of the neuron MOS transistor results 
from an uneven surface of the wafer during device manufacturing 
processes such as reactive ion etching, sputtering and so on. 
Specifically, a non-uniform charge remains in the floating gate 
of each device. 



[0007] 
[Table 1] 



Transistor Number 


Threshold Value (Volts) 


#1 


1.017 


#2 


0.259 


#3 


0.081 


#4 


-1.962 


#5 


-3. 193 


#6 


-3.716 


#7 


-4.602 


#8 


-7.209 


#9 


-7.949 



[0008] 
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However, initial variations in the threshold value 
immediately after the manufacturing of devices can be reduced 
to a certain degree by techniques such as ultraviolet (UV) 
irradiation and so on. Table 2 shows threshold values of the 
devices, shown in Table 1, which had had varying threshold 
values immediately after the manufacturing, after they were 
irradiated with UV light for 1,000 seconds. The magnitude of 
the variations is reduced to 0.17 volts. However, even this 
reduction in variations is not sufficient for a neuron MOS 
transistor which handles a multi-value signal, thereby 
significantly limiting the number of levels of a multi-value 
signal which can be handed by the neuron MOS transistor. 
[0009] 



[Table 2] 



Transistor Number 


Threshold Value (Volts) 


#1 


2.205 


#2 


2.118 


#3 


2.056 


#4 


2.219 


#5 


2.150 


#6 


2.078 


#7 


2.225 


#8 


2.164 


#9 


2.058 



[0010] 
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Furthermore, what is fatal for the neuron MOS transistor 
is a charge in the threshold value over time which occur 
simultaneously as the device operates. This mainly arises due 
to injection of hot carriers into the floating gate. In a normal 
MOS transistor, hot carriers injected into a gate oxide film 
mostly pass through the oxide film to a gate electrode, so that 
the amount of charge which is trapped in the oxide film to cause 
a change in the threshold value is quite small. In the neuron 
MOS, however, most of injected charge remains in the floating 
gate, so that even a trace of injected charge would 
significantly change the threshold value of the neuron MOS 
transistor. The neuron MOS transistor suffers from a 
significantly large amount of change in the threshold value 
caused by the injected hot carriers as well as a small allowable 
error of the threshold value, as compared with the normal NOS 
transistor. 
[0011] 

A floating gate type EPROM having a floating gate similar 
to the neuron MOS transistor is a device which only needs to 
determine "0 M or "1", that is, a binary value, and accordingly 
is allowed a large amount of change in the threshold value over 
time (approximately several volts). Thus, the floating gate 
type EPROM can ensure data holding characteristics over several 
years and can have been therefore brought into practice. On 
the other hand, the neuron MOS transistor is a device which 
handles a multi-value signal with a floating gate as mentioned 
above, so that the amount of allowable change in the threshold 
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value is so small that even a small amount of injected charge 

would result in an erroneous operation. 

[0012] 

As described above, the neuron MOS transistor has a 
critical disadvantage of extremely low reliability, though it 
has significantly high functionalities- In addition, for 
demonstrating the high functionality, the neuron MOS 
transistor must be provided with an increased number of inputs. 
However, an increase in the number of inputs results in a 
reduction in logic amplitude and a lower reliability, so that 
the number of inputs cannot be readily increased. 
[0013] 

[Problems to be solved by the Invention] 

It is therefore an object of the present invention to 
provide a high performance semiconductor circuit using a neuron 
MOS transistor which is provided with a gate switch added to 
a floating gate thereof, such that a charge remaining in the 
floating gate or an injected charge is promptly removed through 
the switch to improve the reliability of the neuron MOS 
transistor and simultaneously make a multi-input neuron MOS 
available. 
[0014] 

[Means for Solving Problem] 

A semiconductor integrated circuit according to the 
present invention comprising a semiconductor region of one 
conductivity type provided on a substrate, a source region and 
a drain region of an opposite conductivity type formed in the 
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semiconductor region, a floating gate formed in a region which 
separates the source region and the drain region through an 
insulating .film, and at least one neuron MOS transistor having 
a plurality of input coupling electrodes capacitively coupled 
to the floating gate through an insulating film, wherein the 
floating gate is connected to a predetermined signal line 
through at least one switching element in the neuron MOS 
transistor, the plurality of input coupling electrodes of the 
neuron MOS transistor are applied with a first set of signals, 
the switching element is blocked, after the switching element 
is made conductive, to bring the floating gate of the neuron 
MOS transistor into an electrically floating state, an*i the 
plurality of input coupling electrodes of the neuron MOS 
transistor are subsequently applied with a second set of signals 
to perform operation* 
[0015] 

[Operations ] 

In the present invention, the switch is added to the 
floating gate of the neuron MOS transistor. This switch has 
one terminal connected to the predetermined signal line, so 
that a surplus charge existing in the floating gate can be 
removed by appropriately controlling the switch. It is 
therefore possible to prevent a change in a threshold value 
of the neuron MOS transistor over time, and improve the 
reliability of the neuron MOS integrated circuit. Also, since 
variations in the threshold value can be limited to be small, 
it is possible to increase a maximally allowable number of 



12 



inputs of the neuron MOS transistor and therefore realize a 

higher performance neuron MOS integrated circuit. 

[0016] 

[Examples] 

The present invention will hereinafter be described in 
detail with reference to examples, however, it goes without 
saying that the present invention is not limited to these 
examples . 
[0017 ] 

(First Example) 

Fig. 1 illustrates the configuration of circuit according 
to a first example of the present invention. The illustrated 
circuit operates a majority decision logic for three binary 
signals X , X 2 , X 3 . Specifically, this is a circuit which 

outputs "0" when two or more of the three inputs is " 1" and 
outputs "1" when the number of "l's" of the inputs is one or 
less. In the figure, 101 designates a P-channel neuron MOS 
transistor , and 102, an N-channel neuron MOS transistor . These 
neuron MOS transistors 101, 102 constitute a three-input neuron 
MOS inverter with a common floating gate 103 and three input 
coupling electrodes 104, 105, 106 capacitively coupled to the 
floating gate 103. Assume that coupling capacitances of the 
input coupling electrodes 104, 105, 106 with the floating gate 
are equal and is represented by C c . Reference numeral 107 

designates a switch which is disposed in a power supply line 
between the floating gate 103 and a ground potential, and 
becomes conductive when a first control signal is "1". 
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Reference numeral 108, 109, 110 designate switches which are 
disposed between the input coupling electrodes 104, 105, 106 
and the inputs X , X 2 , X 3 , respectively, and are controlled by 

a second control signal. Each of the switches 104, 105, 106 
is configured to connect the floating gate to an associated 
input when the second control signal is "0", and connects the 
floating gate to the ground potential when the second control 
signal is " 1 " . 
[0018] 

Generally, a potential <f> F at the floating gate of the 
neuron MOS transistor is expressed by the following equation: 
[0019] 

[Equation 1] 

where C i is a coupling capacitance of an i-th input coupling 
electrode; V is a potential at the i-th input coupling 
electrode; and Q F is the amount of charge existing in the 
floating gate. C tot is a total capacitance associated with the 
floating gate and is expressed by the following equation: 
[0020] 

[Equation 2] 

C ror =C + JjC ; (2) 
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where C Q is a total parasitic capacitance associated with the 
floating gate such as a gate capacitance of the transistor, 
a capacitance between the floating gate and a substrate, and 
so on. 
[0021] 

A potential <J> 103 at the floating gate 103 in the exemplary 
circuit of Fig. 1 is expressed by: 
[0022] 

[Equation 3] 



* C C V 104 + C C V 105 + C C V 106 Q 103 - 
^103= ^ +7; 

TOT ^TOT 



where V , V , V are potentials at the input coupling 

104 * 105 ' 106 c 

electrodes 104, 105, 106, respectively, and Q 103 is a charge 
existing on the floating gate 103 . Assuming now that the total 
parasitic capacitance C Q associated with the floating gate 103 
is sufficiently smaller than the coupling capacitance C c to be 
negligible, the floating gate potential <J> 103 is expressed by: 
[0023] 

[Equation 4] 



<T> ^104 + ^105 ^106 Ql03 / A\ 

^103 ~ V } 



3C C 



where the first term on the right side is an average value of 
the three inputs, and the second term is an offset value. 
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Assuming herein that the floating gate charge Q 103 is "0" , the 
floating gate potential <I> 103 is zero when the three inputs are 
all "0"; V dd /3 when one of the three inputs is "1"; and V dd when 
the three inputs are all "1". It should be noted that a logic 
state "0" is corresponded to zero volt, and a logic state "1" 
to V dd . Assuming that an inversion threshold value viewed from 
the floating gate 103 of the CMOS inverter comprised of the 
P-channel MOS transistor 101 and the N-channel MOS transistor 
102 is set at V /2, the output of the CMOS inverter, i.e., an 

DD 

output 111 of the majority decision function operating circuit 
delivers "1", i.e., the potential V dd when zero or one of the 
three inputs is "1"; and delivers "0" when two or more of the 
three inputs are "1" because the CMOS inverter inverts "1" . 
This is exactly the operation of the majority decision function. 
[0024] 

In the foregoing description, while the floating gate 
charge Q 103 is assumed to be zero and ignored, the floating gate 
charge Q 1Q3 actually has a value which is not zero and changes 
over time due to the injection of hot carriers during the 
operation of the MOS transistors. Assume herein that the 
floating gate charge Q 103 has changed over time and ends up to 
a value CV . The potential <I> at the floating gate 103 is 

C DD 10 3 

expressed by: 
[0025] 

[Equation 5] 
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In other words , the potential at the floating gate is offset 
by V /3. Therefore, the potential 4> at the floating gate is 
V dd /3 when none of the voltages V io4 , V 10S , V 106 is "1"; and 2V dd /3 
or more when one or more of the voltages V lM , V 105 , V io6 is "1" . 
Consequently, the circuit outputs "1" only when none of the 
three inputs is "1" and outputs "0" when one or more of the 
three inputs is "0". This is not the normal majority decision 
logic operation. 
[0026] 

As described above, a surplus charge accumulated in the 
floating gate causes the circuit to malfunction. The switch 
107 in the circuit of Fig. 1 is provided for removing this 
surplus charge. The operation of the illustrate circuit 
including the switch 107 is as follows. As the switch 107 is 
turned on, the floating gate 103 is forcedly biased to the ground 
potential. Simultaneously, the ground potential is input to 
the input coupling electrodes 104, 105, 106 as a first set of 
signals. In this event, no voltage is applied to the coupling 
capacitances between the floating gate and the input coupling 
electrodes, so that no charge is generated on the electrodes 
of coupling capacitances. Assuming that the parasitic 
capacitance C Q associated with the floating gate 103 is 
sufficiently small as compared with the coupling capacitance 
C c and is therefore negligible, no charge exists in the floating 



gate 103, When the switch 107 is turned off in this state, the 
charge in the floating gate 103 is completely reset. The 
switches 108 , 109, 110 are provided for forcedly bringing the 
input coupling electrodes 104 , 105, 106 to the ground potential . 
Subsequently, the switches 108, 109, 110 are switched to apply 
the input coupling electrodes with the inputs X x , X 2 , X 3 of the 
circuit as a second set of signals, to perform a correct 
operation without a surplus charge in the floating gate. 
[0027] 

In the foregoing manner, the neuron MOS circuit comprising 
the additional switch connected to the floating gate can prevent 
variations in the threshold value of the neuron MOS transistors 
due to a remaining charge in the floating gate immediately after 
the device manufacturing process, and a malfunction of the 
circuit caused thereby. In addition, when the charge in the 
floating gate is reset by the floating gate reset switches as 
appropriate even during the operation of the circuit, it is 
possible to fully eliminate a change in the threshold value 
over time due to the injection of hot carriers generated during 
the operation of the device into the floating gate, and the 
resulting problem of the malfunction of the circuit. By the 
way, a completely floating gate, which does not have the 
additional floating gate switch, has a very high insulating 
resistance, so that the floating gate charge could not be 
increased or decreased by a mechanism other than the injection 
of hot carriers, for example, by a leak current or the like, 
during the operation of the device. However, with the addition 
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of the floating gate switch, the floating gate charge is 
increased or decreased by a leak current through the floating 
gate switch rather than by the injection of hot carriers. 
However, a leak current of a general switch using a MOS 
transistor is on the order of femto (10" 15 ) amperes, so that, 
assuming that a capacitance of several tens of femtof arad, which 
is a generally accumulated capacitance in DRAM, is used as a 
coupling capacitance, a charge holding characteristic on the 
order of milliseconds can be sufficiently ensured. Therefore, 
the floating gate charge reset operation through the floating 
gate switch may be sufficiently performed at intervals of 
milliseconds. The most general control scheme involves 
providing a reset cycle at time intervals of milliseconds, as 
a refresh cycle of DRAM, and freely operating the circuit in 
the remaining time other than the reset cycle. However, if an 
operation based on the floating gate potential should be 
accurately performed, as is the case of a multi-input neuron 
MOS transistor, the period of the reset cycle may be reduced, 
or the reset operation may be performed immediately before the 
operation is performed each time. In other words, the period 
of the reset is determined depending on particular applications , 
so that it goes without saying that the reset may be performed 
at any intervals. 
[0028] 

It should be noted that in the circuit of Fig. 1, after 
the switch 107 is fully opened to bring the floating gate into 
a floating state, the switches 108 - 110 must be switched in 
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order to prevent a charge from remaining in the floating gate. 
This is because if the switch 108 or 109 or 110 is switched 
before the input coupling electrode 104 or 105 or 106 is applied 
with an input signal, the input coupling capacitances are 
applied with a voltage, causing a charge to flow into (out of) 
the floating gate through the switch 107. For this reason, the 
switch 107 and the switches 108, 109, 110 should be driven with 
control signals at different timings. However, one and the 
same control signal may be used provided that the timing at 
which the switch 107 is opened is delayed from the timing at 
which the switches 108, 109, 110 are opened, in consideration 
of propagation delays due to wires and so on. Alternatively, 
the switches 108, 109, 110 may be removed if the input signal 
is controlled to a fixed potential, for example, the ground 
potential without fail at the time a reset operation is 
performed. A contact connected to the floating gate 103 
through the switch 107 may be any contact as long as it is 
connected to the power supply with a low impedance, and need 
not be a contact at the ground potential. For example, the 
floating gate charge can be reset to zero as well by setting 
the input coupling electrodes 104, 105, 106 to V dd , and the 
floating gate 103 also to V DD through the switch 107 at the time 
of a reset operation. In this event, a contact connected to 
the floating gate 103 through the switch 107 is disposed on 
a V line. Generally, for resetting the floating gate charge 

DD 

to zero, the input coupling electrodes may be brought to the 
same potential as the floating gate through a low impedance 
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path at the time of a reset operation, wherein the potential 
itself may be any value. It is desirable to connect to a 
predetermined power supply or to a predetermined signal line 
with a low impedance for rapidly performing the reset operation. 
However, depending on particular purposes , it may be connected, 
for example, through a high impedance element. 
[0029] 

Further alternatively, the floating gate charge may be 
reset by setting the input coupling electrodes and the floating 
gate electrode to different potentials upon resetting. Due to 
a potential difference , a certain amount of charge remains in 
the floating gate after the reset. However, if the potential 
difference between the input coupling electrodes and the 
floating gate is the same every time the reset is performed, 
completely the same amount of charge will remain in the floating 
gate every time, so that a change in the floating gate charge 
over time can be corrected by injection of hot carriers, or 
the like. In other words, for resetting a change in the 
threshold value over time, the floating gate charge may be reset 
with the same potential every time. Alternatively, the 
floating gate potential may be intentionally offset by 
resetting the floating gate charge with a potential difference. 
For example, when the floating gate charge is reset with the 
input coupling electrodes 104, 105, 106 set to the ground 
potential, and the floating gate 103 to V dd /3, the floating gate 
will have an offset of V /3. This is identical to a remaining 

DD 

floating gate charge equal to C c V dd , so that, as shown in the 
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foregoing example, the circuit outputs "1" only when none of 
the three inputs is X and outputs "0" when one or more of 
the three inputs is "1". Conversely , if the floating gate 
charge is reset with the floating gate 103 set to the ground 
potential and all the input coupling electrodes 104, 105, 106 
biased to V dd /3, the circuit outputs "1" when two or less of 
the three inputs is "1", and outputs "0" when all the inputs 
are "1". These circuits, though not implementing a majority 
decision function, may be effective approaches if the 
realization of such functions are desired. An intermediate 
potential such as V dd /3 may be directly supplied from a power 
supply which outputs a voltage of V dd /3, or may be generated 
using a resistive divider circuit connected between V dd and the 
ground potential. 
[0030] 

In the example herein illustrated, a plurality of the input 
coupling electrodes are all applied with the same voltage when 
the reset is performed, however, they may be applied with 
different voltages- Importance resides only in a resulting 
value which is derived by weighting the potentials on the 
respective input coupling electrodes with the coupling 
capacitance and averaging the weighted potentials. For 
example, the aforementioned reset operation, which is 
performed with the potential of V dd /3 applied to all the three 
input coupling gates having an equal coupling capacitance, may 
be equivalently implemented by applying V dd to one of the input 
coupling electrodes and the ground potential to the remaining 
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two. In essence, the average value is only required to be a 

predetermined value. 

[0031] 

As a switching element connected to the floating gate, 
a discrete transistor, a CMOS transistor or the like is 
generally used. However, a diode may be used in some cases. 
For example, if a PN diode 201 is used as illustrated in Fig. 
2, it is possible to reset a change in a floating gate charge 
over time in the negative direction (a reduction in positive 
charge, or an increase in negative charge). In the circuit of 
Fig. 2, a reset operation is performed by setting the potentials 
on input coupling electrodes 202, 203, 204 to the ground 
potential. Upon resetting, the potential on the floating gate 
205 is automatically biased to a potential at the boundary of 
ON and OFF in the forward direction of the PN diode. In other 
words, when a turn-on voltage of the diode is assumed to be 
V qn , the potential on the floating gate 205 is biased to -V QH . 
Subsequently, when the input coupling electrodes 202, 203, 204 
are applied with positive potentials other than the ground 
potential so that the circuit is operating, the potential on 
the floating gate 205 is larger than -V qn , the diode 201 is in 
an OFF state (the switch is off), and the floating gate 205 
is literally in an electrically floating state. During the 
operation, if the floating gate 205 is applied with a negative 
charge, the potential on the floating gate will effectively 
shift in the negative direction. However, at the next reset 
time, the input coupling gates are all set to the ground 
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potential, and the potential on the floating gate is going to 
change to a potential more negative than -V oR . However, the PN 

diode 201 immediately turns on (the switch is on) to clip the 
potential at the floating gate at -V qn . With this effect, it 
is possible to reset the negative charge injected into the 
floating gate during the operation. Similarly, by connecting 
a PN diode between V dd and the floating gate, it is possible 
to reset a change in a floating gate charge over time in the 
positive direction (an increase in the positive charge or a 
decrease in the negative charge) - 
[0032] 

While this example has been described for a neuron MOS 
inverter circuit as an example, it goes without saying that 
the foregoing description can be generally applied to a neuron 
MOS transistor itself and a circuit using a neuron MOS 
transistor. 
[0033] 

(Second Example) 

Fig. 3 illustrates a second example of the present 
invention. The illustrated circuit outputs an analog voltage 
signal which is digital-to-analog converted from a three-bit 
digital signal input comprised of X Q , X x , X 2 . In the figure, 
301 designates a depletion type P-channel neuron MOS transistor, 
and 3 02 a depletion type N-channel neuron MOS transistor. 
These neuron MOS transistors 301, 3 02 are positioned in 
opposition with respect to V dd and the ground electrode. A 
four-input neuron MOS source follower circuit is constituted 
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by a common floating gate 3 03, and four input coupling 
electrodes 304, 305, 306, 307 capacitively coupled to the 
floating gate 303, The coupling capacitance ratio of the input 
coupling electrodes 304, 305, 306, 307 to the floating gate 
is 4:2:1:1. The coupling capacitance ratio of the input 
coupling electrodes is binary weighted. The input coupling 
electrode 307 is provided for applying an offset to a potential 
at the floating gate 303 , and is normally at the ground potential . 
The rest of the configuration is identical to the first example 
and therefore is omitted. A control scheme for the circuit is 
also identical to the first example. 
[0034] 

For resetting a surplus charge on the floating gate, first, 
the input coupling electrodes 3 04 , 305, 306 are set to the ground 
potential, and the switch 308 is turned on. Subsequently, the 
switch 3 08 is turned off to bring the floating gate 303 into 
an electrically floating state. As switches 309, 310, 311 are 
switched to apply the three-bit digital signal X 2 , X x , X Q to the 
input coupling gates 304, 305, 306, the potential <i> p at the 
floating gate 3 03 is expressed by the following equation by 
the binary weighted input coupling capacitances: 
[0035] 

[Equation 6] 

8 
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The source follower circuit comprised of the neuron MOS 
transistors 301, 302 can output substantially the same voltage 
as the potential on the floating gate 3 03, so that a 
digital-to-analog converted output expressed by the equation 
(6) is derived as a result. 
[0036] 

This example demonstrates that the present invention, 
which can reset a surplus charge in the floating gate by means 
of a switch added to the floating gate, can be widely applied 
to general circuits using a neuron MOS transistor as well as 
the inverter circuit illustrated in the first example. 
[0037] 

In this example, the floating gate is connected to the 
ground potential through the switch 308 , and the input coupling 
gates are also applied with the ground potential upon resetting. 
However, as is the case in the first example, it goes without 
saying that the floating gate may be reset using a variety of 
potentials . 
[0038] 

Alternatively, this circuit may be used in the following 
manner. With the input coupling electrodes 304, 305, 306 
applied with the input signals X 2 , X x , X 0 , the switch 3 08 is turned 

on to reset a charge in the floating gate, and then the switch 
308 is turned off. Subsequently, as the input coupling 
electrodes 3 04, 305, 3 06 are applied with second input signals 
X 2 ' , X ' , X o f , respectively, the potential 4> p at the floating 

gate 303 is expressed by: 
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[0039] 

[Equation 7 ] 



^ _ 4X 2 ^2X^X 0 ' | 4X 2 +2X V +X 0 (?) 
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This is a signal representative of a difference calculated by 
subtracting a weighted average value of the first signals from 
a weighted average value of the second signals . In this circuit 
based on the source follower configuration, the potential at 
the floating gate can be output as it is, so that this circuit 
can output an analog signal corresponding to a difference 
between two signals. With the employment of this function, 
analog values can be freely added or subtracted, so that this 
circuit is useful in a data processing circuit for image 
processing and so on. 
[0040] 

(Third Example) 

Fig. 4 illustrates a third example according to the present 
invention. This is an example in which the present invention 
is applied to a logic circuit using neuron MOS transistors 
(invented by Nao Shibata, Tadahiro Ohmi and described in 
Japanese Patent Application No. 3-83152). This circuit 
performs an exclusive OR (XOR) operation with three binary input 
signals V A , V B , V c . Reference numeral 4 01, 402 designate neuron 
MOS inverters each having five input coupling electrodes which 
are equal in coupling capacitance. In the neuron MOS logic 



circuit, 401 is referred to as a main inverter, while 402 as 
a pre-inverter . The use of neuron MOS transistors would enable 
any logic function to be implemented by combining a main 
inverter with a plurality of pre-inverters. 
[0041] 

403, 404 designate N-channel MOS transistors which are 
used as switching elements for resetting a surplus charge in 
the floating gates of the neuron MOS inverters 401, 4 02, 
respectively. These N-channel MOS transistor switches are 
controlled by a control signal <j> FG . An N-channel MOS transistor 
405 and a P-channel MOS transistor 406 constitute a CMOS switch 
for connecting and disconnecting the output of the neuron MOS 
inverter 4 02 to and from a node 407 at which two input coupling 
electrodes of the neuron MOS inverter 401 join. Reference 
numeral 408 designates an N-channel MOS transistor switch for 
connecting the node 407 , i.e., the two input coupling electrodes 
of the neuron MOS inverter 401 to a ground potential electrode. 
These switches are controlled by a control signal <J> R . Reference 

numeral 409, 410, 411 designate NOR gates. 
[0042] 

In this circuit, a surplus charge in the floating gate 
is reset by setting all the input coupling electrodes of the 
neuron MOS inverters 401 , 4 02 and the floating gate to the ground 
potential. Subsequently, the floating gate is brought into an 
electrically floating state, and input signals of the circuit 
are introduced to the input coupling electrodes to perform an 
operation. Specifically, a reset cycle is started at the time 
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the control signals <|> FG , <J> R rise from 0 to "1" . Upon resetting, 
the NOR gates in an input section output "0", i.e., the ground 
potential irrespective of the input signals V A , V B , V c . 
Therefore, nodes 412, 413, 414, which serve as common inputs 
of the pre-inverter 402 and the main inverter 401, are forcedly 
set to the ground potential. The other two input coupling 
electrodes of the neuron MOS pre-inverter 402, one of which 
must be biased to the ground potential, and the other of which 
must be biased to V dd during the operation, must be both biased 
to the ground potential upon resetting. Therefore, the input 
coupling electrode, which should be biased to V dd during the 
operation, is applied with an inverted version of the control 
signal 4> R . With the foregoing operation, all the input coupling 
electrodes of the neuron MOS inverter 4 02 are brought to the 
ground potential upon resetting. The floating gate of the 
neuron MOS inverter 402 is forcedly grounded by the switching 
transistor 404 while the control signal 4> FG is "1". 

[0043] 

In this way, the charge in the floating gate of the neuron 
MOS inverter 4 02 is reset. Since the floating gate of the neuron 
MOS inverter 4 02 is grounded, its output is at V dd . If the output 
is connected to an input coupling electrode of the neuron MOS 
inverter 401 as it is, the charge in the floating gate of the 
neuron MOS inverter 401 cannot be reset. Therefore, upon 
resetting, the connection of the output of the neuron MOS 
inverter 402 with the input coupling electrode node 407 of the 
neuron MOS inverter 401 is released by the CMOS switch comprised 
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of the transistors 405 , 406. Further, the contact 407 is 
forcedly biased to the ground potential by the transistor 408. 
The floating gate of the neuron MOS inverter 401 is also grounded 
by the switching transistor 403 . With the foregoing operation, 
the charge in the floating gate of the neuron MOS inverter 401 
is reset. 
[0044] 

Fig. 5 shows the result of measuring input /output signal 
waveforms and internal signal waveforms of the circuit 
according to this example in Fig . 4 . <t>^ and V Qp show the waveform 
of the potential at the floating gate of the neuron MOS inverter 
402, and the waveform of the output of the neuron MOS inverter 
402 , respectively. In the same way, <E> FM and V qm show the waveform 
of the potential at the floating gate of the neuron MOS inverter 
401, and the waveform of the output of the neuron MOS inverter 
401, respectively. It can be seen that in a reset period, the 
potential at the floating gate is at the ground potential. It 
can be also seen that after the reset period, the potential 
at the floating gate varies corresponding to a change in the 
input signal, and the output also varies. The output V qut of 
the circuit shows the result of a normal exclusive OR (XOR) 
operation for the three inputs V A , V b , V c - 

[0045] 

The reset cycle ends when the control signal <J> pG first falls 
and then <j> R falls . While the two control signals <j> FG , <|> R are used, 
one and the same control signal may be used instead provided 
that a timing at which the floating gate switches 403, 404 are 
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opened is delayed from the timing at which other switches are 
opened, in consideration of propagation delays due to wires 
and so on. 
[0046] 

While switching elements used in this example are N- 
channel MOS trans is tor f CMOS switch and NOR gates , appropriate 
switching elements are not limited to these- Any switching 
elements which perform a switching function may be used with 
a slight change in circuit connections which are not essential 
to the circuit operation of the present invention. 
[0047] 

For configuring a complicated logic circuit, a plurality 
of logic circuits may be cascade connected. For cascade 
connecting neuron MOS logic circuits as shown in this example, 
the NOR gates 409, 410, 411 in the input section, and so on 
are not required in the circuit at the latter stage. This is 
because the neuron MOS logic circuit which employs the approach 
shown in this example outputs zero, i.e. , the ground potential 
without fail upon resetting. The floating gate of the main 
neuron MOS inverter 401 is grounded through the switch 4 03, 
so that the output of the main neuron MOS inverter 401 
transitions to V DD . Generally, since the output of the main 
inverter is logically inverted by a CMOS inverter and serves 
as the output of the entire circuit, the output of the entire 
circuit is the ground potential. Thus, the NOR gates in the 
input section are required only at connections of a conventional 
logic circuit with the neuron MOS logic circuit shown in this 
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example which employs the present invention. 
[0048] 

While one example of the present invention has been 
described for an exemplary neuron MOS logic circuit for 
operating a three- input XOR function, the present invention 
is not limited to the three-input XOR function but can be widely 
applied to any neuron MOS logic circuits. Also, while this 
example has shown a reset technique for biasing both the input 
coupling electrodes and the floating gate of the neuron MOS 
to the ground potential, it goes without saying that a variety 
of other techniques may be used such as a technique of resetting 
with the V dd potential. 
[0049] 

(Fourth Example) 

Fig. 6 illustrates the configuration of a circuit 
according to a fourth example of the present invention. 
Specifically, the illustrated circuit is a comparator for use 
in a batch conversion type A/D converter which employs the 
technology of the present invention. While the illustrated 
circuit employs a neuron MOS inverter, a standard symbol 
representative of a neuron MOS is not used, but symbols 
representative of a general CMOS inverter and a capacitive 
element are used to illustrate the circuit for simplifying the 
explanation. Reference numeral 601 designates a CMOS inverter, 
and 602, 603 capacitive elements having capacitances mC, 
(2 n -m)C, respectively. Reference numeral 604 designates a node 
at which the CMOS inverter 601 is connected to the capacitances 
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602, 603. A neuron MOS inverter having two input coupling 
electrodes is constituted by the CMOS inverter 601 and the 
capacitances 602, 603 with the node 604 used as a floating gate. 
In other words, the node 604 serves as a floating gate of the 
neuron MOS inverter. A number of the neuron MOS inverters equal 
to 2 n are arranged in parallel to constitute comparators of an 
n-bit batch conversion type A/D converter. For simplification, 
a m-th comparator is extracted and illustrated in Fig. 6. 
Reference numeral 605, 606 designate wires for supplying 
signals to two input coupling electrodes of the neuron MOS 
inverter which functions as a comparator. These wires are 
signal wires common to all comparators . Reference numeral 607 , 
608 designate switches for selecting an analog voltage signal 
V / which is an input to the A/D converter, or a maximum 
reference voltage V H and a minimum reference voltage V L , as 
signals supplied to the signal wires 605, 606. 
[0050] 

A switch 609 is provided for resetting a surplus charge 
in the floating gate of the neuron MOS inverter, and is 
positioned between the output of the neuron MOS inverter and 
the floating gate 604. This example illustrates a 
semiconductor integrated circuit in which a node connected with 
a floating gate of a neuron MOS transistor through a switching 
element serves as an output of an inverter circuit constituted 
by the neuron MOS transistor itself. 
[0051] 

In the neuron MOS circuit, the surplus charge in the 
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floating gate is reset in the following manner. During a reset 
period, the switch 609 is controlled to turn ON, so that the 
floating gate 604 of the neuron inverter conducts to the output 
of the inverter 601 , viewed from the floating gate 604. 
Therefore, the floating gate 604, i.e., the input of the 
inverter 601 and the output of the inverter 601 are forced to 
the same potential. In other words, the floating gate 604 of 
the neuron MOS inverter is automatically biased to a voltage 
at which the input of the inverter 601 is equal to the output 
of the same, i.e., an inversion threshold value V inv of the 
inverter 601. On the other hand, simultaneously with the 
switch 609, the switch 607 and the switch 608 are controlled 
to connect to lower contacts during the reset period, so that 
V H is applied to the wire 605, and V L to the wire 606. Therefore, 
the electrode on the input side of the capacitance 602 is applied 
with the voltage V H , and the electrode on the input side of the 
capacitance 603 with V , respectively. Considering that the 
static capacitance of the capacitance 602 is mC, and the static 
capacitance of the capacitance 603 is (2 n -m)C, the circuit is 
identical to an assumed single input coupling capacitance 
equivalent to a static capacitance 2 n C, which is a combination 
of the capacitance 602 and the capacitance 603, and an 
equivalent potential V m expressed by: 

[0052] 

[Equation 8] 



34 



(8) 



which is applied to the input side. The equivalent potential 
V is an m-th potential of 2 n equally divided potentials between 
the minimum reference voltage V L and the maximum reference 
voltage V , and serves as a reference potential for the m-th 
comparator. This comparator, using the neuron MOS, generates 
the reference potential in accordance with the capacitance 
division principle using the input coupling capacitances of 
the neuron MOS . As a result, during the reset period, the 
potentials V and V jnv are applied to both ends of the equivalent 
single input coupling capacitance. As the reset ends, the 
switch 609 is opened to bring the floating gate 604 into an 
electrically floating state. Therefore, a charge 
corresponding to a difference between V Mp and V inv upon resetting 

remains in the floating gate 604. It can be said that this is 
a memory function for dynamically storing an analog potential 
as a charge accumulated on a capacitance. After the reset 
period, the switches 607, 608 are also switched to connect the 
analog signal voltage V JH to the wires 605, 606. Therefore, the 
analog signal input V is applied to the electrode on the input 
side of the equivalent single input coupling capacitance. In 
this event, considering the amount of charge remaining in the 
floating gate 604, the potential 4> p on the floating gate 604 

is expressed by: 
[0053] 
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[Equation 9] 

d> = v -V +V (9) 

F IN REF INV v ' 

It should be noted that a parasitic capacitance associated with 
the floating gate 604 is ignored as being sufficiently small. 
As can be understood also from the equation (9) , a subtraction 
of signals at a floating gate level can be realized by adding 
a switch to the floating gate, and performing the control so 
far described. When V is smaller than V D . the potential <I> 
at the floating gate becomes smaller than V IMV , so that the 
inverter 601 outputs " 1" . On the other hand, when V IM is larger 
than V / the potential <I> F at the floating gate becomes larger 
than V / causing the inverter 601 to invert and output "0". 

In other words, a comparison of the input analog signal voltage 
V with the reference voltage v „ can be carried out. 

IN REF 

[0054] 

Each time a reset is performed, the floating gate 604 is 
biased to the same potential V inv without fail, thereby making 

it possible to reset a change in the inversion threshold value 
over time, viewed from the input coupling electrodes of the 
neuron MOS inverter, due to the injection of hot carriers and 
so on during an operation period other than the reset period. 
In addition, the floating gate 604 is reset with the inversion 
threshold potential V jnv upon resetting, and also during a 
comparison operation, a determination is made based on whether 
the potential at the floating gate 604 is larger or smaller 
than the inversion threshold potential V INV . In other words, 
the inversion threshold value is used as the reference both 
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upon resetting and during the comparison operation. Thus, even 
if the inversion threshold value V inv of the inverter varies 

among individual comparators, this will not cause an error in 
the comparison operation. The comparison is made only between 
the potential at the input coupling electrode upon resetting 
and the potential at the input coupling electrode during the 
comparison operation. In other word, by using the technique 
shown in this example, it is possible to eliminate not only 
a change in the inversion threshold value over time, viewed 
from the input coupling electrode of the neuron MOS inverter, 
associated with the operation of the device, but also variations 
in the inversion threshold value of the inverter, viewed from 
the floating gate, resulting from variations in parameters of 
individual elements . 
[0055] 

The foregoing description has been made for the control 
of the neuron MOS circuit which is conducted such that the input 
coupling electrode of the neuron MOS is applied with the 
reference voltage upon resetting, i.e., when the switch 609 
is ON, and with an analog input signal during a comparison 
operation. Alternatively, a reverse sequence may be employed. 
Specifically, the neuron MOS circuit may be controlled such 
that the input coupling electrode is applied with an analog 
input signal voltage upon resetting and with the reference 
voltage during a comparison operation. In this event, the 
analog signal input is held on the input coupling capacitance 
for storage to simultaneously realize a sample and hold function 
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during an A/D conversion. This is effective for implementing 

a sub-range type A/D converter. 

[0056] 

(Fifth Example) 

Fig. 7 illustrates the configuration of a circuit 
according to a fifth example of the present invention. The 
illustrated circuit shows an example in which the technique 
of connecting the floating gate and the output of a neuron MOS 
inverter through a switch to reset a charge in the floating 
gate, described in the fourth example, is applied to a neuron 
MOS logic circuit. Specifically, the circuit operates a 
three-input exclusive OR (XOR). The circuit of the fifth 
example is identical in configuration to the circuit of the 
third example except for a reset mechanism. Reference numeral 
701, 702 designate neuron MOS inverters. In view of the 
configuration of the circuit, numeral 701 is referred to as 
a main inverter, and 702 as a pre- inverter . Reference numeral 
703, 704 designate N-channel MOS transistors which are used 
as switching elements for resetting surplus charges in floating 
gates of the neuron MOS inverters 7 01, 702, respectively. 
These N-channel MOS transistor switches are controlled by a 
control signal <j> FG to connect and disconnect the floating gate 
to and from the output of the associated neuron MOS inverter. 
An N-channel MOS transistor 705 and a P-channel MOS transistor 

706 constitute a CMOS switch for connecting and disconnecting 
the output of the neuron MOS inverter 7 02 to and from a node 

707 at which two input coupling electrodes of the neuron MOS 
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inverter 701 join. Reference numeral 7 08 designates an N- 
channel MOS transistor switch for connecting the node 7 07 , i.e. , 
the two input coupling electrodes of the neuron MOS inverter 
701 to a ground potential electrode. These switches are 
controlled by a control signal <|> R . Reference numeral 7 09, 710 , 

711 , 712 designate NAND gates, respectively. 
[0057] 

A reset operation is performed in the following manner. 
First, the switch connecting the floating gate to the output 
of each neuron MOS inverter is turned on. This automatically 
biases the floating gate to an inversion threshold value V inv 
of the inverter. Simultaneously, the potentials at a plurality 
of the neuron MOS inverters are controlled such that an average 
value of the potentials is set to a logical threshold value, 
i.e. , V dd /2. In this way, a charge corresponding to a potential 
difference between the logical threshold value V dd and the 
actual threshold value V inv viewed from the floating gate is 
induced in the floating gate. It is therefore possible to 
remove not only a change in the amount of charge in the floating 
gate over time but also variations in the inversion threshold 
value V inv resulting from errors of parameters associated with 
each inverter. In other words, even if individual inverters 
vary in V f the reset technique shown in this example can 
correctly match the logical threshold values viewed from the 
input coupling electrode with V dd /2 in all the neuron MOS 
inverters. It is therefore possible to realize a higher 
operation accuracy of the neuron MOS logic circuit, an improved 
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noise margin , and a logic circuit having a larger number of 

inputs (a larger fan-in). 

[0058] 

Specifically, the switches 703, 704 are first turned on 
to bias the floating gates of the neuron MOS inverters 701, 
702 to the inversion threshold value V inv of the inverters. For 
setting an average potential of the input coupling electrodes 
to V dd /2, input coupling electrodes corresponding to one half 
of a coupling capacitance is set to V dd , and the remaining half 
of the input coupling electrodes is set to the ground potential 
in the input coupling electrodes which capacitively couple to 
the floating gates of the neuron MOS inverters. In the example 
illustrated in Fig. 7, the input coupling electrodes connected 
to nodes 713, 714, 715, which are applied with input signals 
V , V B , V c during the operation, are all applied with V DD , and 
the rest of the input coupling electrodes are all applied with 
the ground potential. The NAND gates 709, 710, 711 are used 
as switches for setting the nodes 713, 714, 715 to V dd upon 
resetting, irrespective of input signals. A CMOS switch 
comprised of the MOS transistors 705, 706, and the N-channel 
MOS transistor switch 708 are provided for disconnecting the 
input coupling electrodes of the neuron MOS inverter 701 from 
the output node of the neuron MOS inverter 7 02 and applying 
the ground potential to the input coupling electrodes of the 
neuron MOS inverter 7 01 . A NAND gate 712 is provided for biasing 
the output of the previous circuit, i.e., the input of the 
subsequent circuit to V dd upon resetting, when neuron MOS logic 
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circuits are cascade connected. The NAND gate 712 is identical 
in purpose and function to the NAND gates 709, 710, 711. In 
this event, it goes without saying that no NAND gates such as 
709 are required in an input section of the subsequent circuit. 
[0059] 

Input coupling electrodes 716, 717, 718, 719 have one half 
of coupling capacitances of other input coupling electrodes. 
These input coupling electrodes do not contribute at all to 
the operation of the neuron MOS logic circuit itself. They are 
provided to adjust a weighted average value of the potentials 
at all the input coupling electrodes to V dd /2 upon resetting. 

Specifically, upon resetting, all the input coupling 
electrodes 716 , 717, 718, 7 19 transition to the ground potential . 
During the operation, an average potential of the input coupling 
electrodes 716, 717, and an average potential of the input 
coupling electrodes 718, 719 both transition to the logical 
threshold value V /2, so that they do not affect at all the 

DD 

result of the operation. With the use of a node which is 
controlled to be set to the ground potential upon resetting 
and to V dd /2 during the operation, the input coupling electrodes 
716, 717 and 718, 719 may be integrated respectively into one 
electrode having the same coupling capacitance as the other 
input coupling electrodes. 
[0060] 

In this example, for setting an average potential of the 
input coupling electrodes to V dd /2 upon resetting, the input 
coupling electrodes connected to the nodes 713, 714, 715, 
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corresponding to one half of the coupling capacitance, in all 
the input coupling electrodes capacitively coupled to the 
floating gates of the neuron MOS inverters , are set to V dd , and 
the remaining half of the input coupling electrodes are set 
to the ground potential. However, this method is not always 
required- On the contrary, the input coupling electrodes 
connected to the nodes 713, 714, 715 may be set to the ground 
potential, and the remaining ones to V dd . Alternatively, all 
the input coupling electrodes may be applied with V dd /2. 
[0061] 

Fig. 8 shows the result of measurements of the input /output 
signal waveforms and internal signal waveforms of the circuit 
according to this example illustrated in Fig- 7. <t>^ shows the 
waveform of a potential at the floating gate of the neuron MOS 
inverter 702. It can be seen that in the first reset period, 
the potential at the floating gate is at 2.6 volts. It can be 
also seen that after the reset period, the potential at the 
floating gate varies about 2 - 6 volts corresponding to a change 
in the input signal, and the operation is being performed. Upon 
starting the second reset period, a substrate bias voltage V suB 
of the N-channel MOS transistor constituting the neuron MOS 
inverter is changed from 0 volt to -1 volt. With this 
manipulation, the inversion threshold value viewed from the 
floating gate of the neuron MOS inverter is forcedly changed 
from 2 . 6 volts to 3 . 1 volts . However, in the next reset period, 
the floating gate is reset with a new inversion threshold value 
of 3.1 volts, causing the potential on the floating gate to 
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shift and change about 3.1 volts. In other words, this 
indicates that a deviation of the inversion threshold value 
of the inverter is automatically removed. The output V qut of 
the circuit presents the result of a normal exclusive OR (XOR) 
operation with the three inputs V A , V B , V c both after the first 

reset and after the second reset. 
[0062] 

The reset cycle ends when the control signal $ FG first falls 
and then <j> R falls. While the two control signals <|> FG , <|> R are used, 
one and the same control signal may be used instead, provided 
that a timing at which the floating gate switches 703, 704 are 
opened is delayed from the timing at which other switches are 
opened, in consideration of propagation delays due to wires 
and so on. 
[0063] 

While switching elements used in this example are N- 
channel MOS transistor, CMOS switch and NAND gates, appropriate 
switching elements are not limited to these. Any switching 
elements which perform a switching function may be used with 
a slight change in circuit connections which are not essential 
to the circuit operation of the present invention. 
[0064] 

While this example has been descried for an exemplary 
neuron MOS logic circuit for operating a three- input XOR 
function, the present invention is not limited to the 
three-input XOR function but may be widely applied to entire 
neuron MOS logic circuits. 



43 



[0065] 

(Sixth Example) 

Fig. 9 illustrates a sixth example of the present invention. 
Reference numeral 901 designates a neuron MOS inverter, and 
902, a switch for resetting a charge in a floating gate of the 
neuron MOS inverter 901. Reference numeral 903 designates a 
normal inverter connected to the output of the neuron MOS 
inverter 901. The output of the neuron MOS inverter 901 is 
logically inverted by the inverter 903, and then is connected 
to the floating gate of itself through a switch 904. Input 
coupling electrodes of the neuron MOS inverter 901 are 
continuous to a circuit block corresponding to a reset mechanism. 
For example, they may be connected to a switching element as 
in the first example (Fig. 1) or to the output of a partial 
neuron MOS circuit as in the third example (Fig. 4). Such 
circuits previous to the neuron MOS inverter 901 are not 
essential to the description of this example, and therefore 
are omitted. 
[0066] 

A remaining charge in the floating gate in the circuit 
illustrated in this example is reset, as is the case in the 
second example, using, as an example, a technique of biasing 
the floating gate to the ground potential upon resetting. The 
switch 902 is turned on and the switch 9 04 is turned off upon 
resetting. While the circuit is performing a logic operation 
after a reset period, switches 902, 904 are both turned off. 
The operation up to this time is identical to that in the second 
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example . 
[0067] 

After the operation is completed and the output V qut of the 
circuit is established, the switch 904 is turned on to feed 
the output of the circuit, i.e., a logically inverted version 
of the output of the neuron MOS inverter 901 itself back to 
the floating gate of the neuron MOS inverter 901 . If a potential 
at the gloating gate of the neuron MOS inverter 901 is higher 
than an inversion threshold value V iw of the inverter, viewed 
from the floating gate at a time before the switch 904 is turned 
on, the output of the neuron MOS inverter 901 is "0", and the 
output of the circuit, inverted by the inverter 903, is "1" , 
i.e. , the potential of V Dp . By turning the switch 904 on, this 
potential V dd is applied to the floating gate of the neuron MOS 
inverter 901. The potential at the floating gate of the neuron 
MOS inverter 901 is originally higher than V inv , and this 
potential is increased and, eventually reaches V dd . On the other 
hand, if the potential at the floating gate of the neuron MOS 
inverter 901 is lower than V inv at a time before the switch 9 04 
is turned on, the ground potential is applied to the floating 
gate of the neuron MOS inverter 901 by turning the switch 904 
on. Once the floating gate of the neuron MOS inverter is applied 
with V dd or the ground potential at a low impedance by turning 
the switch 904 on, a loop comprised of the neuron MOS inverter 
901, the normal inverter 903, and the switch 904 can stably 
hold the value. In other words, when the switch 904 is turned 
on to form the feedback loop, the feedback loop can maintain 
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the output state at the time the loop is formed, however, the 
potentials at the input coupling electrodes of the neuron MOS 
inverter vary subsequent to the formation of the feedback loop. 
In the neuron MOS circuit, a latch function can be realized 
for holding a logic state at a certain time. The held state 
can be reset by the same technique as the normal technique for 
resetting a remaining charge in the floating gate. 
[0068] 

In the neuron MOS logic circuit, since a multi-value signal 
is handled by the floating gate of the neuron MOS transistor, 
the logic amplitude is reduced so that the potential on the 
floating gate is always biased to the vicinity of a transition 
region of the inverter. As a result, a penetration current 
always flows to increase power consumed by the circuit. With 
the use of the technique shown in this example, the potential 
at the floating gate remains at V dd or the ground potential after 
the floating gate is fed back, so that no penetration current 
basically flows . This is therefore effective in reducing power 
consumption . 
[0069] 

While this example has introduced a reset technique which 
biases both the input coupling electrodes and the floating gate 
of the neuron MOS to the ground potential, it goes without saying 
that a variety of other techniques are contemplated, such as 
a technique of resetting a remaining charge in the floating 
gate using the V dd potential. While the normal inverter 903 is 
used as a circuit for logically inverting the output of the 

46 



neuron MOS inverter 901, it goes without saying that another 
element, for example, an NAND or NOR gate may be used instead. 
Further, while the output of the normal inverter 903 is 
delivered as the output of the circuit, it goes without saying 
that the output of the neuron MOS inverter 901 is delivered 
as the output of the circuit. 
[0070] 

[Effect of the Invention] 

According to the invention set forth in claim 1, in an 
integrated circuit using neuron MOS transistors, it is possible 
to effectively reset a charge remaining in a floating gate 
during the manufacturing of the device, and a charge injected 
into the floating gate associated with the operation of the 
device, to prevent malfunction of the circuit resulting from 
the charge in the floating gate, and therefore to improve the 
reliability of the neuron MOS integrated circuit. Further, 
with an improved accuracy of a multi-value operation using the 
floating gate and an increased noise margin, more functional 
operations can be performed. 
[0071] 

According to the invention set forth in claim 2, an 
improved reliability and an increased functions can be realized, 
particularly, in a neuron MOS logic circuit. 
[0072] 

According to the invention set forth in claim 3, an 
improved reliability and an increased functions can be realized, 
particularly, in an analog circuit using neuron MOS 
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transistors . 
[0073] 

According to the invention set forth in claim 4, an 
improved reliability and an increased functions can be realized, 
particularly, in a neuron MOS logic circuit. In addition, a 
simplified circuit can also be realized in some circuits. 
[0074] 

According to the invention set forth in claim 5, an 
improved reliability and an increased functions can be realized, 
particularly, in a neuron MOS logic circuit. For example, if 
an output of a certain logic circuit A is connected to a floating 
gate of a neuron MOS transistor included in a neuron MOS logic 
circuit B through a switch, operational functions of the neuron 
MOS logic circuit B can be switched based on the result of an 
operation performed by the logic circuit A, thereby making it 
possible to realize an integrated circuit having a higher 
functionality. 
[0075] 

According to the invention set forth in claim 6 , an 
improved reliability and an increased functions can be realized, 
particularly, in a neuron MOS logic circuit. In addition, a 
feedback loop formed within the circuit enables a variety of 
functions to be performed. 
[0076] 

According to the invention set forth in claim 7 , variations 
in threshold values possessed by individual transistors can 
be removed, particularly, in a neuron MOS logic circuit, thereby 
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making it possible to significantly improve the accuracy of 

operation, reliability and functions. 

[0077] 

According to the invention set forth in claim 8, an 
improved reliability and an increased functions can be realized/ 
particularly, in a neuron MOS logic circuit. Moreover, it is 
possible to provide a latch circuit for logically holding input 
data, the result of an operation, and so on. 
[Brief Description of the Drawings] 
[Fig. 1] 

A circuit diagram illustrating the general configuration 
of a first example according to the present invention. 
[Fig. 2] 

A circuit diagram illustrating the general configuration 
of the circuit which uses a PN diode as a switching element. 
[Fig. 3] 

A circuit diagram illustrating the general configuration 
of a second example according to the present invention. 
[Fig. 4] 

A circuit diagram illustrating the general configuration 
of a third example according to the present invention. 
[Fig. 5] 

Waveform charts showing the result of measurements of 
input/output signals and internal signals of the circuit 
according to the third example of the present invention. 
[Fig. 6] 

A circuit diagram illustrating the general configuration 
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of a fourth example according to the present invention. 
[Fig. 7] 

A circuit diagram illustrating the general configuration 
of a fifth example according to the present invention. 
[Fig. 8] 

Waveform charts showing the result of measurements of 
input/output signals and internal signals of the circuit 
according to the fifth example of the present invention. 
[Fig. 9] 

A circuit diagram illustrating the general configuration 
of a sixth example according to the present invention. 
[Description of Reference Numerals] 

101 P-Channel Neuron MOS Transistor 

102 N-Channel Neuron MOS Transistor 

103 Floating Gate 

104, 105, 106 Input Coupling Electrodes 
107, 108, 109, 110 Switches 
111 Output 
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^-fbL«te) t-rsav fc^j^PN^t- K2 0 1* 

-hSfi$r-V 0N {C^y<v^LTL4e)„ ©3&jJI{C «fc 
y, ig?HWc:7n-5^ Mvi£A£:ftfc:il<Z>« 

>ty?>f- UlicPNm- KSr^-T53i:fcj: 
y. 7a-^>^-Mffl©, iEo^ftoDi&BS^ffc. 

10 [0 0 3 2] #5g6£MfC;i3^T». nn-a>.MOS-f 

[003 3] cm 2 omrnM) m 3 tt. xmrnafg 2 © 
a^cfe^r^T3 0 1 »r-f7 , y-i'3>'apf^*;i/ 

20 ^-q>MOSh7>^^, 3 0 2.\Srr<( 7V — Is 

S. Z.^6>©— =l— H>MOS Vyz/V?** 3 0 1, 3 
0 2 tt. W > A— EFS&CD— 3. - n >MO S h 5 > 

^^{iv DD . g^«sic*frstte*^tc«:oT33y. 

^iltiD^D-^-o^- h 3 o 3. fc«fctf:7n— 

>^>7*- h 3 0 3 4 fl£A27ft$&M 3 

0 4, 3 0 5. 3 0 6. 3 0 7(CiU, 4A*(Z)Ca- 

a >M o s v 7 * n 7£H£ b"t v > ■£>. A**S 

^Si3 0 4, 3 0 5. 3 0 6. 3 0 7ffl7D-r-f > 
30 ^y- hilCDjg^fiifcte. 4 : 2 : 1 : A 
7J^®i3 0 4, 3 0 5. 3 0 6 ©J©-^SJ£W:/W 
f'Jfx>f hi:4ot^5. A7J^-&m^3 0 7«. 7 
U-rJZ/tftf- h 3 0 3<D@{ifC?t-7i2y 

fflffllzmVT&mMM l £ M IJT'feS. 

[0 0 3 4] 7D-f-f>W- Hjfel8«#©y-fe'5' h 
^dfe^lC, *-rA7J^m^3 04. 305. 30 
6$:g^®fitCL. X-f ^^3 0 8 &74->{Ct-So 
40 y^3 0 8 &st-7iZLZ7n— r-i Z/ftf— Y 3 

0 3 fc^CKUCVO-^-f >ytC"T5. X^fyf 3 0 
9. 3 10. 3 11 S-Wy#ATAA«S&y- K3 0 
4. 3 0 5. 3 0 6{C3 \Zv h-5 s S?*/HB-&X 2 . ' 
XoSrWr-Si:, A^fT-U 7X-f h^^$*l^A*^ 
^S(C«fcy. 7n-f-f Z/9>f— V 3 0 3CE>@&4> F 

[0 0 3 5] 
[«6] 
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(6) 

t &»imx & %> Z. £ tt-g" o * T- =t & V ^ 
[0 0 3 8] 3©lHlSSti<^CDJ:e){CM^T=fe;<fc 
V*. A*g^St3 0 4. 3 0 5. 3 0 6lCA7>fg^X 
2 . Xj. X 0 S:A*L/fe«it', ;*-f«y^3 0 8 *sty 

^i;f3 0 8?;^7(CU ?^V%TA7J^«^ 3 0 4 , 
3 0 5. 3 0 6»C, ^2©AM^X 2 ' , Xj* . 
X 0 ' SrATJ-TSi;. ' 7 0-r-f yyy- b 3 0 3©m 

[0 0 3 9] 
C»7] 

A 4X a '+ 2X,*+ Xo' 4X, + 2X, + X 0 ^ 



Hit*. w^ttjj* 2'<Mg#<&m&WU¥&^%W^ ■ fcflfj^4 0 7©ia©SSK. IWr&ff^CMOS7^f 

ilSlSf Iflk*^Lfel(Z)^f Vf 2rS^LTWS 0 4 0 8 ft. «j&4 0 7, o^V-a- 

|^73^□T#J*t*oTV^52^:IHlS&^CfeV^Ttt. 7n'| n>MOS-f>/t-^4 0 lCDEcxDATJM-^MSrS 

pffiA-rs^t^s^oT?**. 30«si8&^^np t T«9»s*t«. 409. 410. 4 1 mt^icNo 

l«^^^lli^Ji^|^^f^ , * ,,! '''' -^""^ * [0 0 4 2] 3©@H©70-f-f >^T->*««ffiF 

[004 0] (B3<Dm&M) 04{±. *ftm<0 J %Z<D 'Jtyhtt, =:a-a>MOS-f>^-*4'P'l, .4 0 

Jtt609£S*/jr%»©-e**. #18^*:, -i-D>MOS 30 2<D±X<DA±^Wm. h 

#0¥3 - 8 3 l 5 2#) fcilffl bfetflT'&S. y-F- h &«H«r»c:7n~r-.f >^fc U Ai7£r£«g 

Mhxmmmmm (xor) s?#s:fTe>iiJs&-e2&s. s. jw*»K:y-fey mm «»iRr-9* rc , 

4 0 1, &£Xf4 0 2f4. ^LV^^ftC9A7J^S #0fr& 1 ^\5it.-fc^S3i:fC«fc UBB%dti<&. U-fe-y 

@S:5o^ofe-a.-D>MOSV>A-3fT'$)S„ - >^(Cft, A7J5B<Z>NOR>!f- Mi, A*M#V A . 

a:-n>MOSI&gia{5&{CfeV^Ttt. 401&^-fW V B . V c fCgS£&&< 0, UgiSS&SrffiTXt-S,, L 

**f/.ir*> '402 Sr^l/^^/t-J hlif^V^S. -f^*^?- fe^ot, 7 , W>A-*402, ;*-f >-f 4 

^a^MD'S'P'^^^^M 0 l^M&A^&oTV^gfuSU 1 2, 4 13. 4 

SjRfc, US©* -f >>f >/t- * &m<D-7 V<< 4f%0 • 1 4 ttBMW#tC«ift*ffii:*i5. -a-D^MOS7"l/ 
'^j|B^|e|?.'f* S©H -f ft- j!4 02 ©«l© 2 OOATJ^Sffitt. S»« 

[004 1 ] 4 0 3 . : 4 0 4 j£" a. - O >M fCfc^TJi-Tj ttg^ifimfi, fl&#«:V DD fCA-f 7*£*l 

OS-f >yt-#4 0 1. 4 0 2©7D-f-f>W- b &W*U£fc£&^#, U-fey hB${Cti£(Cgfcffi'g&JCA 

^fwwr&y-fev h-i-sk^©*^ v^m^tLTm^ ^7x$nfcw-*ui&<=>&v^ t^oT, '•.suraKv 

TV%SN^-V*;i/MOS 2d 5. me>© DD ^AWr^Stt-5^gA7J^m@fCtt. <t> 

Nf t*;i/MOS tt, *J#HB-3* R ©£M^#A;fr3;ftTV^. J£(±T', U-fe-yh^ftC 

FC ^*'J*!WS*l*. Nf^^MOS Y^yVT.* 4 Zi - n >MO S >f >A- 31 4 0 2 OA*^f llii 

0 5fej:tfPf ^*MVIOS h5>^7v^ 4 0 611 z Tg£ifim&£:&-5. r:a-n>MOS-f>A-^4 0 2 

n-n>MOS^>A-!$!4 0 2©ai7Jil, r.n.-D> (Z)7D-f-f y*f>f- hit. X-f^f h7>^^4 0 

MOS-f>A-^4 0 1ffl2o©A^tI&*i:^ t>0 4fC«fc'J. Ifilfll^ * FC # 1 ©P*3, »«lttfC*fe*63*l 
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4X 2 + 2X, + Xo 



-zL-nyMOS 3 0 1 ^J:UJ3 0 2x-m 

5y-^7*n7@S&(l 7n-r-f>^-N3 

«), MmiiLTS: 6 Testis, ^^^;u-r^-D^ 

[0036] xmrnmi*. ? a -^j y trv- n fcx-r 

n>Mos b'yypx* *m^fcm&izmm'5iifcx'2bz> 

Z.t*m-f-mX'1b2>. 
[0 0 3 7] JfriygfllfCiS^Ttt:. X-f^f 3 0 85:^- 
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15 16 

■5. IHSStt y-fev hmZi&iTO, o*ygi&m&$:£&7: 

[0 04 3] Z:0<fc-5{CLT» -i-n>MOS-f^ -T-5^6>T?fe-5. X-fi/f 4 0 3IC«J:^-f >Zi-D 

-#4 0 2CD7D — J- A NSWUty h#Hfr >MOS>f>A-^401ffl7O-r-f> h 

5. 4 0 6^&&5CMOS^9f-CiU. -a-n 10 ^J^TfeS. 

>MOS-f >A-*4 0 2CDaj*t, -a-D>MOS [0 04 8] 3 AAfflXO RRBR&aUFfS 

>f >A- #401 0>AirtSM&flL&4 o 7 (nwmtm — o.-p >mo s Ittiiaft&aiic £ »J , ^|g^<Z) 1 OOD 

2fc£ft-5. £"dIC, h7>^?X^>yf4 0 8CJ: SBSfi«&ttWbfc*«. 3 A7JCDXO RgggcfCPSJtStlS 

y, . S6jft4 0 7tt&<MttlcMtt&fC/^Y'7^3ft£. =kc9T*fc£&<, t>5<r:3.-a>MOS^Stir^±#:(c 

Za-n>MOS>f>^-^4 0 1(57n-f-f>^ mmT'gg>*)<D-Z3b2>. *$geftft?& —a.-U 

-hfc^-f V*b9>i?X*4 0 SlCtyftJfiS*!,*.. >MO S©A*«£MfcJ:tf bn-^* >4^- h & 

J^±iCJ:y-a.-p>MOS-Y>A-#4 0 1<D?U- 9k\Z.W&W$L\ZJ^ V -fey h3^£^y_fctffe 

[0 0 4 4] @5 2fc||^M©®4 (Dms&<DXm^im x-s/3>jy*s^i:tt-selsn?t»&v\. 

*W»J:tfrtflWS*««5«:SBJ6LfelS*fe'S%LTV^ ' 20 [0 0 4 9] (ft4 (pmtft. H6& *ai)3®Jg4 £>' 

0 2CD7D-^-f y{fV- Vm®ffi&. fc^tf-^COffiTJ U — ^^A/D^gmtCMV^tlSn^^lx-^ 

fPOe<<*> FM fc<fctJ t Vo l ,{i, -a-a>MO (JfcgiSt) &#&£L£:=bc7>T-&5. na-D>MOS>f 

S^f>A-#4 0 iCD7a- yiftf- bM&iSM. # fcj§wcv**#,. SitS&flS-SUc-rs&g), — 3. 

33«fctK*c9ffi±«-C*&-5,, y-fey'HJiJBlcfcvvttt, -n>MOS<©WW*i^>^;i^lB{iM<'^-r> — gsmj 

y-fey A7J©#W-ft Stbl/T&S. 6 0 Hi, CMOS-f>A-^, 6 02 

[Cf^ IT 7 n -r-f > h OlfiM U ffiTJ ;fc<ktf6 0 3tt, fftftlmC, (2 n -m) -C©#JI 

*»»tU'TV»*ifc#t>*».&.- ®g&CDffi7jV 0UT tt, 3 m?--e&Z>. 604lt CMO S-f >7t-# 6 0 1 £^ 

A7JV A , V B , V c C#LTIE^fcifctefi^Sfff (XO 30 * 6 0 2 , 6 0 3 £&i^5®S,&T-&-5„ *&&6 0 4$: 

R) ^fcoTV^,, 7n-7 l -('>yy-htLT,- CMO'S-f>A-#6 0 

[0 0 4 5] y-fey.^-f^-W/tt, ' FC # lttI6 0 2. 6 0 3{C<fcy, 2oC0A7J^«®?: 

iffeTtf y > O V^T? * R #a£^T#S 3 £ fC <fc y Sofe-a-n^MOS^f^t-^ ut v * -5 . "3 

•5. UmtS^H. <l> FC i:<l> R (D2Wgm^-C^Z>W. m SL*JfB&6 0 4(t ca-ai/MO.S-f >/t-*©:7n 

5^4 0 3feJ:^4 0 4CO^Sn-5#-f 5 > 4f jWBI©'^. £ 2© n^MM#UCf2S1-£C:£{C<fc y, nfcf>yh 

-r^^<fcy*;jitiS<};e>ic^$^T^*i.«^lif!l^ <z>-&^#IMA/D^^c93>Ai/-*g|S£:;&,g>„ EI 

■9&tf^T***>*v*. fSgii£<Z>ki?>, m#BC0lMcD3>Aly-#$:S 

[0 04 6] #!£6&0!!T'/a^fc;W vf-Jltf-tt, N^Y tfBl/t^btfe§. 6 0.5, 6 0 6lin>Al/-^i 

*;i/MOSK7>^^, CMOS^^f-vf, NORtf 40 LTIK — a.-a >MO S-f >A-#CD 2-o©AA^ 

y^«ilg$:^fc-r%COT'&tL«, *ftW<bm%&MftK.H #S2i&rz?&-5. 6 0 7, 6 0 8tt;*-f >y^T*, 

^T*&MX>\tte^%*<Dm®mWmmK&Vm^Z>Z. 6 0 5. 6 0 6CMt5ff tUT, A/D^M© 

[004 7].^^i&3siiiK^^t-s^ mtott *j:tf«/ha6flsmBEv L *», if&e>*»&»R"rsfe«>© 

Lfc«35fc~i-n>MOSMEIIS%3!7^-KSSK-r [0 0 5 0] 6 0 9lt -a-0>MOS^> 

h409, 4 10, 4 1149(2, £9&V^ M^5>, •5fc«?)C0 : foC7)T'& y , — rL- n >MO S -f — ^CDffi 

*JU6#lK:a%Sn*#as«:aifflLfc— a-D>MOSa 50 TJil 7D — y-f ytftf— h 6 0 4 £0>ffllZ&Z>. 
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[0 0 5 1] Z.(D— zj.-uyMOSm^<D. 70-f-f 

■5. U-fe^y HSHIHUCfiwctt, 7-f»;f 60 9&tf>-? 

T-f>^-h604^ 7Q-T-f>^y-h604 10 
#e>#£-f >A-* 6 0 1 C0ffl7J*^il-r5. b£#o 

0 1 ©A7J£> -f >A-# 6 0 1 ©tt&JjPaSfattlCH* 

h 6 0 4tt, -f >A-# 6 0 1 CDAffiTJ* 
V rbj =Vl+-^-(V h -Vl) 



18 



*#^Lv^EE» -Y>A-# 6 0 1 (DJxML^^ 

*-f>y^6 0 9 'fcRf^tC^-f 0 7 

>yf 60 8i, U -fey hJBra«t»tt>t^ v^-*«T«>«^ 
(C % oSy, BQM6 0 5(CV H «t, SSIS6 0 6lCV L tf3J 
iDStlSi-JJCMWSnS. l/fe^ot, ^*6 0 2C9 
Ajbflia)ttS(ca«EEV B 3y, SI6 0 3'©A*«i:iJ: 

C. gl6 0 3©#tfltf (2"-m) Ct'SSri: 
Sr#^5il, §i6 0 2i:il6 0 3i*hS)fc. 9 

am 2 n c© 1 «©««»*-»-A*«^«jis«3e 

U ^-©AifrWC 
[0 0 5 2] 
[»8]- 

(8) 



x-&t> £ .n* *MMMfc v REF if ma a*iTv»«sttH 

fcT*&-5. 3©^«S&V REF tiU «/MW«BE.V,;fc* 
*»JlitEEV B ©|8lfc 2 n ^#Lkm#B©S{£T**> U, 

{CJcyfg^SirCV^CD-e&.S,, 
JC, V 



mm 



28 



R EF ' 



£ V j „ v ©S&tfftJiD $ *l£ V * & Z. £ IC & 5 




"^oTC^JUSI*)*;. 0 5fcJ:tf 6 O 6ICtt#lC7j§' 

— A^IS^iOAAfllcoWiKJiT^n y«-&AA^» 
4 rttCJBWLT ^fittM&M-ftitf. 7D-f ™ 



n -T+y.&£m.h 6 0 4 {i«^C«Jtc 7D-^ 

#»r" " 



fejSU 7n— f--f>^-h6 04"fcBB3t"r-. 

TAVWf- N W<;bT«*©3l£Jfctf*3rc£TV* 
•5. Vi N (D7j^V REF J:y/h$V^, in-^r^y?? 
- bC0«fi» F ^V, |V J:'»;/jN3 -f >A-# 6 0 

lttl £ffi7X«h5. ~7j> V,„©7j#V REF «fcyA-£v* 
fc. 7n-^:/^lr*-l»©«ffi* F #V IBf J:y*g< 

>f>A-dteoitts«u o saj^-rs. 40 
y, A^r-^pywmffiVmfciiaimBEVnEFCoifciiiE 

[0054] y-fey h^pfc^y-vr, vu-^-^y&ff- 
S£«>, y -fe >v h#|HJ^©iMWBHK:;fcW<5. - 

a*»£*«j&» e> b^sik b * v w-fbtt y ■& v 

■Y yf>f- h 6 0 43&« i R«5U*k v iWffiV I>v T»y -fey 

JitfcSIJBciSlcfc. 7D-f-f>yy-h6 04 50 



ff-r- h 6 04©«fi* F tt 1 

[0 0 5 3] 



[»9] 

(9) 

©WfcjftSaE US V MRSft V , „ v «fc y 7<S V \ >6vJn $ V \ 

> A- CDHS L ^ V^tf V , N y tNB * V> =i y V - # CD 

r^T-{ie>oVAT^Tt>, A3RaiffB»CDSSI2: 

v*. y-fey'M«ifiDAA«^ma©mffifc, ifcHSSRW^© 

A7J^mSCD@ffiCDM^^W^ifc«4$*lS«>T'$>S. 

e>^fcS«L*v^«©«HHCft:©*«i&"f, ffl^rffl*? 
/t9^dt©tf &o3(cjaH-r«« 7n-f-f..>^- h 

jl ^ > A - # b # v M® © f£ £ o £ £ 3^ 

[0 0-5 5]'JBLhfflBll«tt, -a-D>MOS©AAe 
-&@@{c, ijtiiM*, 'J^yf 6 0 9 tf*y<D 

mzmmm&t>\ immMWswmzr-ru yxiimmt 
^.T'=fe>«fcv\ o*y, nyh^cTto^ATJi^i 
nrrsifcfc-egs. 3©h^«> T^n^fi-^A^ 



( 
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[oo 5 6] emso^MW) S7&, ttsmnmsn 

T-jyytf- v v^-z-ft^'cmm^* yu 

yMoswtmms&icmm^t-MX'&z. 3A7j<z)#MtBift io 

i&afn (XOR) S:SI^-rSim5»T*&5. Ut-yhii 
gpfclS^T, 3S3<Z>|£Sg0!l©[IIg&£:|fS£T?&-5. 7 0 
K 7 0 2ti— a-n>MOS-Y>A- #T?&.g>. 
CD^jS-fc, 7 0 1 &*>f W >A-#, 7 0 25:yH 
y/i-$£.Vf&. 703, 7 0411 
>MOS'f>';1-^7 0l ) 7 0 2ffl7n-f-f>^y 

^S. Nf 'V^bMOS h^VS/X* 7 0 5 £ <fc # P 5=- 
•V*;bMOS h ^ > i^X £ 7 0 6f£, ^-D>MOS 
-f 7 0 2CDffi7j£l, ra-n>MOS^>A- 

# 7 0 1 CD 2 OCDATJ^SHS:* £.tb1=.m&7 0 7O 

5. 7 0 8H. M7 0 7, o*y-a-n>MOSi 
2/X-r*l 0 1 © 2 OOA*^ti?:P!!ifitSi- 
"T § £ «> <Z> N -5P V * ;i/M O S h 7 > V X # ^ -f *> > 

■5. 7 0 9, 7 1 0, 7 1 1, 7 1 2te£.=fe>}CNAND 

[00 5 7] Vtey VW}W\3.tX?(D&o ^ LTf5*5*t 
5." -a-n>MOS-{>A-^©7n-f-f > 

b urn fit ^ y^&*>fc-rs. 

7D- j-a yiftf- Yte. -<yA-&(D%Ml,% 
•fl-^Oiffli: l/T, ^-D>MOS-f>A-3ffflPtO 

^n. y v DD /2{c*s«fce>{cf!iffli-r5 <> ^ntcj: 40 
y, 70-ty hfcfi, wsmwteis%^mv DI) 
S2t..' 7u-^4yV>f-hfrh'flt=.4yrt-%v>m. 

%k<D us wfg v, „, <Df^<D-m<Dn&.m^^-t zmn 
tfrnrnztiz. Lfe#oT,. vu-T-^yfff- hmm 

a- *<D7^*-$ oymmz &$k-*&sM l % v _^4t v 

*H^JT'5^-r U iz y h#£tC <fc U , ATJ^*^^ £ 
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- * XIEMIZ V DD / 2 {C S 3. £ #T'£ -5 
[0 0 5 8]^*WICS, ^7f7 03, 7 0 

4**yL. —z.-uyMOSjyA-* 7 o 1 £«fcy 

7 0 2©7n-r-f i/^-h^^A-ffflSKLi 
5:y DD /2{C-tSfeAtCtt, -a-D^MOS^f^- 

^©■7o-^y yy>f- mcmm-^satj^sii 
y©¥#&gs»is&ict-§. miaMT-it. mm-mzm 

g&0DA7J*I#V 4 , V b , V c ^PPiD$tl5S5*7 1 3, 
7 14, 7 1 5fC^^3ttSA^J^mffi«, U-fe^h 
t$fC tt^T V DD , *tlUft<DX*l&-&9MlZ ifrt^X 

^*mfi*^*n$tis«fce>fc^3^Tv%s., nand 

>f- h 7 0 9 , 7 1 0, 7 1 1ii, U -fe y hB£{C, A73 
^{C«te>-r, ®5^,7 13, 7 14, 7 1 5£V DD fC^- 

5t«j©^-f>yfi: 6tmv^tv>5. mos b^y^J^ 

^70 5, 7 0 6^e>45CMOS^"/f, fe^t^N 
ft^MilO Sh5> X>f »;f 7 0 8li, U -fe y. 

h^{c, nrt-p^MOS-f y;*-* 7 0 lCDA*^ 
Sitra-D>MOS-Y>A-^ 7 0 2 CDffiTJSP^S: 
— a-D>MOS-f^-?7 0 1 CDA7JM 
•^■m^iCg^fiftfi&^II-rSfcfeO^^^feS. NAN 
N7 12I1 za-D>MO S|&Sia^*X^r 

y^smssoA^^VoDic^T^i-sfe*?)©*© 

TfeS. 7 0 9, 7 1 0, 7 1 lCONAND^- h i: S 

T, 7 0 9 ^(DAiftSBN A N D>f- h V % Zl i: (4 

[0 0 5 9] A*^ti7.16, 7 17, 7 18, 7 
1 9te, flficr>A7JM-&m@©¥^©^^S& ; feoTVN 

.i& -5 <fe e> icM^-f *#6Ufc y 

•fey M*,- A7J^«@7 16, 7 17, 7 18, 7 1 
9tt, •r^T^SffitJ&S, ^^ICtt, 7 16^7 
1 7©TOm& feJfctJ^ l 8t71 9 

ticiii(,§^«v D „/2 ^?&«><fce>fc^oT^y, 3. 

h^f^^mfi, M^lcV DD /2i;^5^{c^$tv 
fcS15*$:Mv^{i, A*«^W7 16, 7 1 7feJ:yt 
7 18, 7 1 9tt, ^^•eft&©A7J^ , 8^i:IH5 

[00 60] *Hi6M{c 33 v *x f4, 'Jtvh ^(c atjM 
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>MOS>f>^-^ffl7Q-f-f yifff— hlC%}H1@-& [0 0 6 5] (fg 6 <©HJgW 0 9 te, *#§B^<Z)^6 CD 

-rS^:A^-^*S©*T% ¥#®3£^*#K*g^ HiSMSr^LfetxDT-^S. 9 0 1 (i, -a-D>MO 

5, M7 13. 714, 7 1 5{C^$*lfeA^-ir S-f 9 0 2 H — .a. — O >MO S -f # 

®g£V DD {C, ftyffl^^AAIS^Wi 9 0 1 ®7 0-f-f M#5:'J t-y b-fZfcib 
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